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Case 21307 



Process for Producing Phorenol 

The present invention relates to a process for producing (4S)-4-hydroxy-2,.6,6-trimethyI- 
2-cjrdohejcene-l-one (hereinafter referred to as phorenol) from 2,6,6-trimethyI-2-cydo- 
hexene-l,4-dione (hereinafter referred to as ketoisophorone). More specifically, the pre- 
sent invention concerns a process for producing phorenol from Icetoisophoronc by a spe- 
cific microorganism, a cell-free extract thereof, a recombinant microorganism or cell-free 
extract thereof, or levodione reductase. 

Phorenol is a useful chiral building block of naturally occurring optically active com- 
pounds such as zeaxanthin. There were a few methods reported until now for enantio- 
selective production of phorenol (Tanaka et al., TetrahedroniAsymmetry6!l273 (1995); 
Hiromasa et al:, Tetrahedron:Asymnjetry 10:381 1 (1999) ]. But these methods were in- 
efficient for optical purity of the product, and require a multistep sequence. There was no 
biological process for the direct production of optically active phorenol. 

Surprisingly* phorenol can be formed from ketoisophorone with high optical purity by a 
single step reaction using a microorganism which is capable of producing actinol from 
levodione. 

An object of the present invention is to provide a process for producing phorenol from 
ketoisophorone comprising contacting ketoisophorone with a microorganism or cell-free 
extract thereof which is capable of producing actinol from levodione, and isolating the 
resulting phorenol from the reaction mixture. 

Another object of the present invention is to provide a proceess for producing phorenol- 
from ketoisophorone by contacting ketoisophorone with a recombinant microorganism or 
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cell-free extract diereof which is eatpressing the levodionejreductasc gene, and isolating • 
tfie resulting phorenol from tihe reaction mixture. 

A further object of the present invention is to provide a process for producing phorenol 
from ketoisophorone by contacting ketoisophorone with levbdione reductase which is 
capable of catalyzing the conversion of ketoisophorone regio-.and stereosdectively to 
phorenol. 

Examples of a microorganism capable of producing actinol from levodione include wild- 
type members of the genera Cettulomonas, Corynebacterium, Planococcus and Arthrobactery 
as wdl as recombinant microorganisms. 

A preferrred microorganism is selected from the group consisting of Cetttdomonas sp. 
AKU672, Corynebaeterium aquaticum AKU610, CorynebacteriUm aquaticutn AKU611, 
Planococcus okeanokoites AKU152 and Arthrobacter sulfureus AKU635, or a mutant thereof. 
These microorganisms are disclosed m EP 0982406. One the most preferred strains is 
CtnynebacteriumaquaticuinA3(i\J6ll. 

The above strains were deposited at the National Institute of Advanced Industrial Science 
and Technology (AIST), Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, IbaraM 305-8566, 
Japan, in the name of F.Hoffinann-La Roche AG of Grenzacherstrasse 124, CH-4G70 Basel, 
Switzerland on August 4, 1998, under Budapest Treaty, with the deposit numbers PERM 
BP-6449 (Cettulomonas sp. AKU672), PERM BP-6447 (Corynebaeterium aquaticum 
AKU6lO)&nd¥ERMBP'6US (Corynebaeterium aquaticum AKJUeny.' 

Planococcus okeanokoites AKU152 and Arthrobacter sulfureus AKU635 are deposited at and 
are available from the Institute for Fermentation, Osaka (IFO), 17-85, Juso-honmachi 2- 
chome, Yodogawa-ku, Osaka, Japan, referring to the following deposit Numbers: IFO 
15880 (Planococcus okeanokoites ASS^\52) and IFO 12678 (Arthrobactersulfureus AKU6i5). 

Recombinant microorganisms used in the present invention can be prepared. e.g., by the 
method described in EP 1,122,315, disclosing genetic material such as an isolated DNA 
comprising a nucleotide sequence coding for an enzyme having levodione reductase 
activity, a polypeptide encoded by such a DNA, recombinant organisms and the like. 

Either growing ceU culture or r&sting cell culture or immobilized cell or cell-free extract, or 
the like, of said microorganism or the recombinant microorganism may be used for the 
production of phorenol. Said gro^^ng cdl cukure caa be obt^in^d by cul turing said 
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saccharides such a$ glucose or sucrose,' alcohob, such as ethanol or glycerol, fatty acids, 
such as oleic acid and stearic acid or esters thereof, or oils, such as rapeseed oil or soybean 
oil, as carbon sources; ammonium sulfate, sodium nitrate, peptone, amino adds, com 
steep liquor, bran, yeast extract and the like, as nitrogen sources; magnesium sulfate, 
5 sodium chloride, calcium carbonate, potassium monohydrogen phosphate, potassium di- 
hydrogen phosphate, and the like, as inorganic salt sources; and malt extract, meat extract, 
and the like, as other nutrient sources. 

Cultivation of the microorganism can be carried out aerobically or anaerobically at pH 
values from 4.0 to 9.0, at a temperature range from 10 to 50*'C for 15 minutes to 72 hours, 
JO preferably, at pH values from 5.0 to 8.0, at a temperature range from 20 to 40"*C for 30 
minutes to 48 hours. Appropriate mixing of the culture during the cultivation will be 
preferable for the cell growth or the reaction. 

Using the growing cell culture thus obtained, said resting cell culture or immobilized cell 
or cell-free extract maybe prepared by any means generally loiown in the art. 

15 The concentration of ketoisophorone in a reaction mixture can vary depending on other 
reaction conditions, but, in general, is between 0.1 g/1 and 300 g/1, preferably between 1 g/1 
and 30 g/L 

In the present invention, phorenol can also be produced by contacting ketoisophorone 
with levodione reductase. 

20 One of the most preferred levodione reductases and a method for its preparation are 
described in EP 1,026,235. The physico-chemical properties of this levodione reductase 
can be summarized as follows: 

1) The levodione reductase catalyzes regio- and stereoselective reduction of levodione 
to actinol. 

25 2) The relative molecular mass of the enzyme is estimated to be 142,000 to 155,000 ± 
10,000 Da, consisting of four homologous subunits having a molecular mass of 
36,000 + 5,000 Da, 

3) The optimum temperature is 1 5-20°C at pH 7.0 and the optimum pH is 7.5. 

4) The enzyme requires NAD^ or NADH as a cofactor and is highly activated by mono- 
30 valent cations, such as K*", Na^, Cs\ Rb *\ and NH^^. 
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Levodione reductase catalyzes the reductioQ of ketoisophorone to phorenol in the presence 
•of a co-iactor according to the foHowing formula: 

Ketoisophorone + NADH I^tl Phorenol + NAP 

For ^™pJf»^e standard enzyme reaction is performed as follows: The basal reaction 
mirture (total volume: 1 mi): 200 jil of 1 M potassium phosphate buffer (pH 7.0). 40 jaI of 
8 mM NADH in 0.2 mM KOH, 200 |il of ketoisophorone solution, and 20-80.^1 of the 
enzyme solution, and water to add up to 1 ml, is incubated at pH values of from 4.0 to 9.0, 
at a temperature range from 10 to SO'C for 5 minutes to 48 hours, preferably at pH values 
of from 5.0 to 8.0, at a teinperature range from 20 to 40''C for 15 minutes to 24 hours. 
Appropriate mixing of the reaction mixture will be preferable for the reaction. 

The concentration of ketoisophorone in a reaction mixture can vary depending on other 
reaction conditions, but, in general, is between 0.1 g/1 and 300 g/1. preferably between 1 g/1 
andSOg/l. 

Phorenol produced biologically or enzymatically in the reaction mixture as described 
above is extracted by an organic solvent such as ethyl acetate, n-hexane, toluene, or n-butyl 
to recover the phorenol into the organic solvent layer. The extract is analyzed by known 
method such as gas chromatography, high performance liquid chromatography, thin layer 
chromatography or paper chromatography, or the like. In case of the gas chromatography, 
the following conditions can be applied as an one of the embodiment: 

Column; UIBON HR-20M (Shinwa, Japan) 0.25 mm<l> x 30m 

Column temperature: 160°C (constant) 

Injector temperature: 250°C 

Carrier gas: . He (ca. Iml/min) 

After the reaction, phorenol in the reaction mixture may be recovered, for example, by ex- 
traction with a watcr-immiscible organic solvent which readUy solubilizes phorenol. such 
as ethyl acetate, n-hexane, toluene or n-butyl acetate. Further purification of phorenol can 
be effected by concentrating the extract to directly crystallize phorenol or by the combina- 
tion of various kinds of chromatography, for example, tbin layer chromatography, adsorp- 
tion chromatography, ion-exchange chromatography, gd filtration chromatography or 
high performance liquid ciiromatography. 
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Example 1: Phorenal production using Corynebacterium aquaticum AKU611 (PERM 
BP-6448) 

Carynebactenum aquaticum AKU611 (FERM BP-6448) was inoculated into seed medium 
(100 mL in a 500 ml flask) containing 1.0 g/L of yeast extract, 15.0 g/L of Bacto-peptone 

5 (Difco laboratories, U.S.A)» 0.2 g/L of MgS04-7H20, 3,0 g/L of K2HP04> 2.0 g/L of NaCl 
and 22.4 g/L of glucose*H20. and cultivated at SO'^C with rotary shaking for 24 hours, A 
portion of the seed culture (100 ml) was inoculated into production medium (3.0 L in a 5- . 
L scale jar fermentor; Type MJ-5-6| L.E.Marubishi, Japan) containing 8.0 g/L of yeast ex- 
tract, 0.2 g/L of MgS04*7H20, 0,01 g/L.of MnS04*4-5H20, 2.0 g/L of NaCl and 11.1 g/L of 

10 glucose^HzO. Cultivation was conducted at 30**C with agitation of 600 r.p-ip. and aeration 
of 1-0 wm. pH was maintained at 7,0 by using ammonium solution. After about 9 hours 
cultivation, glucose feeding was started with feeding rate of 20 g/hour. After 24 Hours 
from the beginning of the cultivation^ each of the conditions^ temperature, agitation^ 
aeration, pH, and feeding rate of glucose was shifted to 25''Q 200 np.m.> 0.17 wm, 6-0, 

15 and 10 g/hour, respectiv^y, and cultivation was continued for another 24 hours. During 
this period, 42 g of ketoisophorone was added to the medium in four times (for example, 
20 g at the beginning, 10 g at the 3*** hour, 7 g at the 6*^ hour, and 5 g at the 9* hour of this 
period). A portion of the cultivated broth was «tracted by ethylacetate to recover the 
phorenol into ethylacetate layer. The extract was analyzed by gas chromatography 

20 [colimin: ULBON HR-20M (Shinwa, Jipan) 0.25 nun<j) x 30m, column temperature: 160®C 
(constant), injector temperature: 250^G, carrier gas: He (ca. Iml/min)]. As a result, 8»0 g/L 
of phorenol (91 % conversion of ketoisophorone used) was produced. Optical purity of 
the product was analyzed to be 96.0 % (e.e.) by gas chromatography using a chiral 
capillary column, BGB-176 (BGB Analytik AG, Switzerland). 

25 Example 2: Cloning of levodione reductase gene from genomic DNA of 
Cofynebacterixim aquaticum AKU611 (FERM BP-6448) 

Genomic DNA oiCorynebacterium aquaticum AKU611 (FERM BP-6448) was prepared 
using Genome Isolation Kit (BIO 101). Using the prepared genomic DNA as template, a 
complete coding sequence for the levodione reductase gene without excessive flanking 
30 region was obtained by PGR amplification using a thermal cyder (Perkin elmer 2400, 
U.S.A.)- The two synthetic primers used were as follows: 

LV-ORF(+) (y-GGAGGCGAATTCATGACCGCAACCAGCTCC-30 (SEQID NO:l) 
(the underlined sequence is the position of an EcoRI site) 

LV-ORF(-) f5*-GGGCT GCTGCAGT CAGTACGCGGCGGA-3') (SEQIDNO;2) 

i 
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(the underlined sequence is the position of an PstI site) 

The PGR mixture (0.02 ml) contained 5 pmol of each primer, 0.2 mM of each dNTP, and 1 
U of LA Taq (Takara Shuzo coXTD / Kyoto, Japan). The initial template denaturation 
step consisted of 1 min at 94*C. An amplification cyde of 20 sec at 98»C 2 min at 70'C 
and 4 min at 720C was repeated for 25 times. 

By this reaction.-a DNA fragment containing a complete ORF of the levodione fedtKtase- " 
gene (0.8 Kb) was amplified. This amplified levodione reductase gene was treated with 
EcoRI and PstI, and ligated with a vector, pKK223-3 (Amersham Biosdence / Bucking- 
hamshire, England) that was predigested with EcoRI and PstI to construct a plasmid, 
pKKLR(l-15). £co« JM109 was transformed with the ligation mixture, and several dones 
were selected for sequence analysis. The sequence ofthe doned levodione reductase gene 
of eadi candidate done was examined. One ofthe dones that showed completely the same 
sequence as the levodione reductase sequence of Corynebacterium a^aticum AKU611 
(PERM BP-6448) was named as JMl09{pKKLR(l-15)J, and used for further experiments. 

Examples: Phorenolproduction using £coZiJMl09[pKKLR(l-15)] 

Rcoli JMl09[pKKLR(1.15)] was inoculated into seed medium (100 mL in a 500 ml flask) 
containing 5.0 g/L of yeast extract, 10.0 g/L of Bacto-tryptone (Difco laboratories, U.S.A), 
10.0 g/L of NaCl, ll.I g/L of glucose-H^O and 50 mg/L of Na-ampidUin (Sigma Chemical 
Co..aSA), and cultivated at 30»C with rotary shaking for 16 hours. A portion ofthe seed 
culture (100 ml) was inoculated into production medium (3.0 L in a 5-L scale jar fermen- 
tor; Type MJ-5-6, L.E.Marubishi, Japan) containing 7.5 g/L of K2HPO4, 1.9 g/L of dtric 
add. 0.3 g/L of ammonium iTon(III) citrate, 0.49 g/L of MgS04-7H20, 22.2 g/L of glucose • 
H2O, and trace dements including, for example. (NH4)6(Mo7024) •4H2O, ZnS04.7H20, 
H3BO3, CUS04-5H20. MnCl2«4H20, and the like. Cultivation was conducted at 30»C with 
agitation of 600 r.p.m. and aeration of 1.0 wm. pH was maintained not to dip firom 6.0 by 
using ammonium solution. After about 9 hours culthration, glucose feeding was started 
with feeding rate of 3.5 g/hour. After 24 hours from the beginning ofthe cultivation, each 
ofthe conditions, temperature, agitation, aeration, and feeding rate of glucose was shifted 
to 25°C. 200 r.p.m., 0.17 wm, and 2.0 g/hour. respectivdy, and cultivation was continued 
for another 24 hours. During this period, 25 g of ketoisophorone was added to the 
medium in five times (for example. 5 g eadi at certain intervals). A portion ofthe culti- 
vated broth was extracted by ethylacetete to recover the phorenol into e&ylacetate layer. 
The e:^zctv.'2£ ?nd>-scdb7 gas-chroruatosraphy gs dsDcribed in Bsamplfi; 1. M a rrsuk. 
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purity of the product was analyzed to be 85.7 % (e.e.) by gas chromatography using a 
chiral capillary column as described in Example 1. 
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Claims 

. 1. A process for producing (4S)-4-hydroxy-2,6.6-triineth)^-2-tycIohexene-l-one (phoren- 
ol) from 2,6,6-trimethyl-2-cycIoh»ene-l,4-dione (ketoisophorone) comprising 
contacting ketoisophorone with a microorganism which is capable of producing actinol 
5 from levodione or with a cell-free esctract thereof, with a recombinant microorganism 
which is capable of producing actinol from levodione or with a cell-free extract thereof, or 
^*levo-<iioneTeductase;and isblatihglhe resiflting pEdreiioi from tide reaction n^brturef 

2. A process for producing phorenol from ketoisophorone comprising contacting keto- 
isophorone with a microorganism which is capable of producing actinol from levodione, 

10 or with a cell-free extract thereof, and isolating the resulting phorenol from the reaction 
mixture. 

t 

3. A process for producing phorenol from ketoisophorone comprising contacting keto- 
isophorone with a microorganism or ceU-free extract thereof selected from members of the 
genera Cellulomonas, Corynehacterium, Planococcus and Arthrobacter, which are capable of 

15 selective asymmetric reduction of levodione to actinol, and isolating the resulting phorenol 
from the reaction mixture. 

4. The process according to daim 3, wherein the microorganism is selected from the group 
consisting of Celtulomonas sp. AKU672 (FERM BP-6449). Corynebacterium aquattcum 
AKU610 (FERM BP-6447), Corynebacterium aquaHcum AKU611 (FERM BP-6448), 

20 Planococcus okeanokoite5AKUl52{IFOl5S80) and Anhrobactersuljuret^ 
12678), and mutants thereof. 

5. The process according to claim 3. wherein the microorganism is Corynebacterium 
aquattcum AKU61 1 (FERM BP-6448). 

6. A process for producing phorenol from ketoisophorone by contacting ketoisophorone 
with a recombinant microorganism or ceU-free extract thereof which is expressing the 
levodione reductase gene, and isolating the resulting phorenol from the reaction mixture. 

7. The process according to claim 6, wherem the levodione reductase gene is derived from 
a microorganism belonging to the genus Corynebacterium. 

8. The process according to daim 7, wherein the levodione reductase gene is derived from 
Corynebacterium aquaticum AICU61 1 (FERM BP.6448) or a functional equivalent, 
subculture, mutant or vcjnt.nt thareol 
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9. A process for producing phorenol from ketoisophorone by contacting ketoisophorone 
wth levodione reductase which is capable of catalyzing the conversion of ketoisophorone 
regio- and stereosdectivdy to phorenol. 

10. The process according to daim 9, wherein the levodione reductase is derived from a 
5 microorganism belonging to the genus Corynebacterium. 

11. The process according to daim 10, wherein the levodione reductase is derived from 
Corynebacterium aquatiaim AKU611 (PERM BP-6448) or a mutant thereof. 

12. The process according to daims 1 to 11, wherein the reaction is carried out at pH 
values of from 4.0 to 9.0, at a temperature range from 10 to 30'C and for 15 minutes to 72 

10 hours. 

13. The process according to daim 12, wherein the reaction is carried out at pH values of 
from 5.0 to 8.0, at a temperature range at from 20 to 40''C and for 30 minutes to 48 hours. 
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SEQUENCE LISTING 



<1I0> Roche Vitamins AG 
<12p> Process for producing phorenol 
5 <130> NRRC-AM 15 
<16d>2""' 

<170> Patentin version 3.1 
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<210> 1 
<2U> 30 
<212> DNA . 
<213> Artificial 
15 <400> I 

Eg^gS<%a^t tcatgaccgc aaccagctcc 



<210> 2 
20 <211> 27 
<212> DNA 
<213> Artificial 
<400> 2 

gggctgctgc agtcagtacg cggcgga 
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